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Prostate Stem Cell 

The invention relates to a method for the isolation of prostate stem cells, typically 
prostate cancer stem cells; stem cells and cancer stem cells isolated by the method 
5 and their use. 

The prostate gland is the major accessory organ of the male reproductive tract, and is 
the most common site of neoplastic disorders in men. The two main pathologies of 
the gland are: (i) benign prostatic hyperplasia, which is a non-mahgnant condition 

10 that is common with age and (ii) carcinoma, which is the second most common cause 
of death in European men, after lung cancer and is increasingly prevalent in our 
ageing Western Society. Symptoms include, blood in the semen or the urine, frequent 
pain or stifftiess in the lower back, hips or upper thigh. Prostate tumours may be 
primary (i.e. located in the organ of origin) or secondary (i.e. tumours which form in 

15 other organs due to the ability of cancerous cells to move and invade other tissues via 
the circulatory system). 

Prostate cancer can be relatively harmless or extremely aggressive. Some prostate 
tumours are slow growing and cause few clinical symptoms. Aggressive prostate 

20 tumours spread rapidly to the lymph nodes and other organs, especially bone. It is 
known that the growth of prostate cancer can be inhibited by blocking the supply of 
male hormones such as testosterone. However, prostate cancers eventually develop 
and become independent of male sex hormones (i.e. they become androgen- 
independent prostate cancer cells). These cells are linked with aggressive, malignant 

25 prostate cancer. All male manmials have a prostate gland but only humans and dogs 
are known to naturally develop prostate cancer. 

Metastatic prostate cancers predominantly move to the bone and are treated by 
reducing the production of androgens by blocking androgen production by the 
30 adrenal glands and testis. This treatment is only effective for a short period of time 
as the metastatic lesions become androgen independent and grow uncontrollably. 
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The presence of androgen independent prostate cancer cells means that this treatment 
regime is no longer effective and further intervention is required to control the 
progress of the disease. A similar response is seen to chemotherapeutic and 
radiotherapy treatments. As a result, metastatic prostate cancer remains an incurable 
5 disease by current treatment strategies. There is therefore a continual need to identify 
new therapeutic targets to provide new treatments for prostate cancer. 

A problem imderlying the effective treatment of cancerous conditions is the 
identification of a population of cells in a tumour that have the ability of sustaining 
10 the growth of a tumour. The evidence suggests that tiunours are clonal and are 
therefore derived from a single cell. However, there are few studies that identify and 
characterise those cells types that are responsible for maintaining tumour cell growth. 
Some have searched for these so called "cancer stem cells". 

15 WO03/050502 discloses a method to selectively enrich breast tumour stem cells 
through the use of a xenograft model in which human breast cancer cells were grown 
in immunocompromised mice. WO03/102215 describes the isolation of stem cells 
and cancer stem cells by virtue of the specific expression of a reporter gene that is 
regulated by P catenin that becomes actively expressed in a stem cell. US20031 19080 

20 describes a method for the isolation of tumour stem cells from solid tumours. In 
WO0140309 is a described antibody to an alleged prostate stem cell antigen, referred 
to as prostate stem cell antigen (PSCA) which is also described in US5, 856, 136, 
W099/14328 and WO98/51805. 

25 We have identified CD133, which is expressed by primitive haematopoietic stem 
cells and developing epithelia as a further stem cell marker for prostate epithelia. 
CD133 cells are restricted to the aipi^^ population (the receptor for type I collagen) 
and are located in the basal layer, often at the base of a budding region or branching 
point (Fig. lA). a2Pi^' /CD 133^ cells exhibit two important attributes of epithelial 

30 stem cells: they possess a high in vitro proliferative potential (Fig. IB) and can 
reconstitute prostatic-like acini in immxmocompromised male nude mice Fig. IC). 
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can reconstitute prostatic-like acini in immunocompromised male nude mice Fig. 
IC). 

Prostate tumour stem cells have been directly isolated from lymph node and prostate 
5 glands from a series of patient samples using the ft)llowing markers: human epithelial 
antigen (HEA), CD44 (which is expressed by basal cells in the prostate; Liu et al., 
1997), a2Pi^* and CD133. Morphologically the cells range from fibroblastoid 
(expressing high levels of vimentin which is typical of transformed cells) or 
epithelial, and are capable of producing progenitors associated with prostate 
10 epithelial differentiation (Fig. 2 A). Invasion assays, using Matrigel-coated filters 
have determined that these cells have a similar capacity to invade through Matrigel 
than PC3M (a highly metastatic subline of PC3 cells (Fig 2B). 

We describe a method to selectively enrich for prostate stem cells or prostate cancer 
15 stem cells that utilises the differential adhesion to type I collagen and growth of stem 
cells in culture to select a population of cells with prostate stem cell potential. 

According to an aspect of the invention there is provided a method for the isolation 
of prostate stem cells comprising the selective enrichment of prostate cells which 
20 express CD133 antigen. Preferably said stem cells also express high levels of aiPi 
integrin. 

hi a preferred method of the invention said selective enrichment comprises the 
following steps: 

25 i) providing a cell preparation comprising prostate cells derived from 

prostate tissue; 

ii) providing cell culture conditions which allow the maintenance of said 
prostate cells in culture and the binding of said prostate cells to a 
collagen matrix; 

30 iii) selecting said bound cells wherein said cells express CD 133 antigen. 

In a preferred method of the invention said method includes the additional steps of: 
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i) culturing cells which express CD 133 antigen in culture medium 
comprising; granuloc5l:e macrophage colony stimulating factor (GM- 
CSF), stem cell factor (SCF) and leukaemia inhibitory factor (LBF); 
and 

5 ii) passaging the selected cells in (i) in a serum free medium. 

In an alternative method of the invention said matrix is a non-collagen based peptide 
matrix. An example of such a non-collagen based peptide matrix is PuraMatrix*^. 

10 In a further preferred method of the invention said selected cells express epithelial 
antigen, preferably human epithelial antigen. 

In a yet further preferred method of the invention said selected cells express CD44 
antigen. 

15 

In a still further preferred method of the invention said selected cells do not express 
telomerase. 

In a preferred method of the invention said prostate derived tissue comprises 
20 cancerous prostate cells. 

In a further preferred method of the invention said cancerous prostate cells are 
derived from medignant prostate derived tissue. 

25 In a preferred method of the invention said cancerous prostate cells are derived from 
primary or metastatic lymph node sites. 

In a further preferred method of the invention said collagen based matrix comprises 
collagen L 

30 
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According to a further aspect of the invention there is provided a prostate stem cell 
obtainable by the method according to the invention. 

In a preferred embodiment of the invention said cell is a prostate cancer stem cell. 

5 

In a further preferred embodiment of the invention said stem cell is a cloned cell. 

According to a further aspect of the invention there is provided a substantially pure 
culture of prostate stem cells wherein said cells express CD 133 antigen. Preferably 
10 said cells are prostate cancer stem cells. 

In a preferred embodiment of the invention said cells express high levels of a2Pi 
integrin. 

15 In a further preferred embodiment of the invention said cells express human 
epithelial antigen. Preferably said cells express CD44 antigen. 

In a yet further preferred embodiment of the invention said cells express CD 133 
antigen, high levels of a2pi integrin, human epithelial antigen and CD44 antigen. 

20 

Prostate stem cells/prostate cancer stem cells are typically characterised by specific 
phenotypic characteristics. For example, cells with stem cell potential are able to 
divide in culture in an undifferentiated state for multiple passages; able to form all 
the cell-types foimd in prostate tissue; and express gene markers of prostate stem 
25 cells and/or differentiated prostate cells. These characteristics are merely meant to be 
illustrative of prostate stem cells and not meant to be restrictive. 

According to a further aspect of the invention there is provided a prostate stem cell 
preparation obtainable by the method according to the invention for use as in a 
30 vaccine composition. 
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It will be apparent that the prostate stem cells selected by the method according to the 
invention have utility with respect to the selection of genes expressed in normal 
prostate stem cells and also cancerous prostate stem cells. Antibodies generated to 
these expressed sequences are useful since they represent potential targets for the 
5 development of vaccines which may be used prophylatically or therapeutically to 
treat those with a predisposition to prostate cancer or are suffering from either 
primary prostate cancer or from secondary prostate cancer as a result of metastasis 
from a primary cancer. Antibodies generated will also have utility with respect to the 
diagnosis of prostate cancer. 

10 

In a preferred embodiment of the invention said prostate stem cell is a cancerous 
prostate stem cell. 

According to a further aspect of the invention there is provided a vaccine 
15 composition comprising a prostate stem cell according to the invention. 

In a preferred embodiment of the invention said composition includes an adjuvant 
and/or a carrier. 

20 An adjuvant is a substance or procedure that augments specific immune responses to 
antigens by modulating the activity of immune cells. Examples of adjuvants include, 
by example only, Freunds adjuvant, muramyl dipeptides, liposomes. A carrier is an 
immxmogenic molecule which, when bound to a second molecule, augments immune 
responses to the latter. Some antigens are not intrinsically immxmogenic yet may be 

25 capable of generating antibody responses when associated with a foreign protein 
molecule such as keyhole-limpet haemocyanin or tetanus toxoid. Such antigens 
contain B-cell epitopes but no T cell epitopes. The protein moiety of such a conjugate 
(the "carrier" protein) provides T-cell epitopes which stimulate helper T-cells that in 
tum stimulate antigen-specific B-cells to differentiate into plasma cells and produce 

30 antibody against the antigen. Helper T-cells can also stimulate other immune cells 
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such as cytotoxic T-cells, and a carrier can fulfil an analogous role in generating cell- 
mediated immunity as well as antibodies. 

According to a further aspect of the invention there is provided a method to 
5 immunise an animal comprising administering an effective amount of a prostate stem 
cell preparation according to the invention. 

In a preferred method of the invention said cell preparation comprises cancerous 
prostate stem cells according to the invention. 

10 

In a preferred method of the invention said animal is a human. 

In an alternative preferred method of the invention said animal is a rodent, preferably 
a rat, mouse of hamster. 

15 

In a further preferred method of the invention said animal is a rabbit, goat or sheep. 

In a yet further preferred method of the invention said animal is a dog. 

20 A preferred route of administration is intradermal, subcutaneous, intramuscular, oral 
or intranasal; however the immunisation method is not restricted to a particular mode 
of administration. 

According to a further aspect of the invention there is provided an antibody 
25 obtainable by the method according to the invention. 

In a preferred embodiment of the invention said antibody is a therapeutic antibody. 

In a further preferred embodiment of the invention said antibody is a diagnostic 
30 antibody. Preferably said diagnostic antibody is provided with a label or tag. 
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In a preferred embodiment of the invention said antibody is a monoclonal antibody or 
binding fragment thereof Preferably said antibody is a humanised or chimeric 
antibody. 

5 A chimeric antibody is produced by recombinant methods to contain the variable 
region of an antibody with an invariant or constant region of a human antibody. 

A humanised antibody is produced by recombinant methods to combine the 
complementarity determining regions (CDRs) of an antibody with both the constant 

10 (C) regions and the framework regions from the variable (V) regions of a human 
antibody. Chimeric antibodies are recombinant antibodies in which all of the V- 
regions of a mouse or rat antibody are combined with human antibody C-regions. 
Humanised antibodies are recombinant hybrid antibodies that fiise the 
complimentarity determining regions from a rodent antibody V-region with the 

15 framework regions from the human antibody V-regions. The C-regions from the 
human antibody are also used. The complimentarity determining regions (CDRs) are 
the regions within the N-terminal domain of both the heavy and light chain of the 
antibody to where the majority of the variation of the V-region is restricted. These 
regions form loops at the surface of the antibody molecule. These loops provide the 

20 binding surface between the antibody and antigen. 

Antibodies from non-human animals provoke an immune response to the foreign 
antibody and its removal from the circulation. Both chimeric and humanised 
antibodies have reduced antigenicity when injected to a hximan subject because there 

25 is a reduced amount of rodent (i.e. foreign) antibody within the recombinant hybrid 
antibody, while the hiunan antibody regions do not eUcit an immune response. This 
results in a weaker immime response and a decrease in the clearance of the antibody. 
This is clearly desirable when using therapeutic antibodies in the treatment of human 
diseases. Humanised antibodies are designed to have less "foreign" antibody regions 

30 and are therefore thought to be less immunogenic than chimeric antibodies. 
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It is also possible to create single variable regions, so called single chain antibody 
variable region fragments (scFvs). If a hybridoma exists for a specific monoclonal 
antibody it is well within the knowledge of the skilled person to isolate scFvs from 
mRNA extracted firom said hybridoma via RT PGR. Altematively, phage display 
5 screening can be xmdertaken to identify clones expressing scFvs. Altematively said 
fragments are "domain antibody fragments". Domain antibodies are the smallest 
binding part of an antibody (approximately 13kDa). Examples of this technology is 
disclosed in US6, 248, 516, US6, 291, 158, US6,127, 197 and EP0368684 which are 
all incorporated by reference in their entirety. 

10 

In a further preferred embodiment of the invention said antibodies are opsonic 
antibodies. 

Phagocytosis is mediated by macrophages and polymorphic leukocytes and involves 
15 the ingestion and digestion of micro-organisms, damaged or dead cells, cell debris, 
insoluble particles and activated clotting factors. Opsonins are agents that facilitate 
the phagocytosis of the above foreign bodies. Opsonic antibodies are therefore 
antibodies which provide the same function. Examples of opsonins are the Fc 
portion of an antibody or compliment C3. Antibodies raised by immunisation and in 
20 the form of an immune complex with antigen may bring about opsonisation via the 
fixation of complement on the antigen, or molecules in its immediate 
microenvironment. 

According to a further aspect of the invention there is provided an antibody according 
25 to the invention for use as a pharmaceutical. 

According to a further aspect of the invention there is provided a pharmaceutical 
composition comprising an antibody according to the invention. 

30 According to a further aspect of the invention there is provided a T-lymphocyte 
obtainable by the method according to the invention. 
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Preferably said T-lymphocytes are T-helper lymphocytes. 

The immune system is made up in part of lymphocytes which are able to recognise 
5 specific antigens. B lymphocytes recognise antigens in their native conformation 
through surface immimoglobulin receptors, and T lymphocytes recognise protein 
antigens that are presented as peptides along with self molecules known as major 
histocompatibility antigen (MHC), or human leukocyte antigen (HLA) in humans, on 
the surface of antigen presenting cells. Antigen presenting cells occur in different 
10 forms and may be distinguished into 'classicaF antigen presenting cells, exemplified 
by macrophages and dendritic cells and 'non-classical' antigen presenting cells, 
which includes B lymphocytes. T lymphocytes may be further subdivided into 
"cytotoxic T lymphocytes", which are able to kill, for example virally infected target 
cells, and "T helper" lymphocytes. T helper lymphocytes have a regulatory function 
15 and are able to "help" B lymphocytes to produce specific antibody, or to help 
macrophages to kill cancer cells. 

According to a further aspect of the invention there is provided a method for the 
identification of genes associated with prostate stem cells comprising the steps of: 
20 i) providing a preparation comprising at least one prostate stem cell 

according to the invention; 

ii) extracting nucleic acid firom said cell preparation; 

iii) contacting said extracted nucleic acid with a nucleic acid array; and 

iv) detecting a signal which indicates the binding of said nucleic acid to a 
25 binding partner on said nucleic acid array. 

Preferably said method includes the additional steps of: 

i) collating the signal(s) generated by the binding of said nucleic acid to 

said binding partner; 

30 ii) converting the collated signal(s) into a data analysable form; and 

optionally; 
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iii) providing an output for the analysed data. 

In a preferred method of the invention said preparation comprises cancer prostate 
stem cells. 

5 

In a further preferred method of the invention said method includes a comparison of 
the array signal produced between normal and cancer prostate stem cells. 

In an alternative preferred method of the invention said method includes a 
10 comparison of the array signal produced between a first cancer prostate stem cell 
sample and a second, different cancer prostate stem cell sample. 

According to a further aspect of the invention there is provided a method for the 
preparation of a library comprising prostate specific gene expression products 
15 comprising the steps: 



i) providing a preparation comprising at least one prostate stem cell 
according to the invention; 

ii) extracting nucleic acid fi-om said cell preparation; 

iii) preparing a cDNA firom ribonucleic acid contained in said extracted 
20 nucleic acid; and 

iv) ligating cDNA formed in (iii) into a vector. 



In a preferred method of the invention said vector is a phage based vector. 

25 In our PCX application, WO03/0 14334 we have developed an in vitro cell culture 
method which provides a culture regime that allows prostate epithelial cells to form 
prostate-like-acini which closely resemble prostate acini found in vivo. The method 
relies on a combination of serum, hormones and a suitable cell matrix support which 
allows the epithelial cells to attach, proliferate, differentiate and form prostatic-like- 

30 acini. The system is able to support growth of cloned normal prostate epithelial cells 
as well as cloned cancerous prostate cells, primary prostate epithelial cells and 
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primary cancerous prostate cells to provide a 3D structure which reflects the in vivo 
state. The system is invaluable for the study of prostate cell differentiation and 
prostate cell transformation. It will provide a tool for use in the identification of 
agents effective at inhibiting the proliferation and metastasis of prostate cancer cells 
5 and also to identify novel markers of prostate cell differentiation and transformation. 
We disclose herein that prostate stem cells selected by the method according to the 
invention are able to form prostate-like acini as described in WO03/014334, which is 
incorporated by reference in its entirety and more specifically the culture conditions 
for the formation of prostate-like acini. 

10 

According to an aspect of the invention, there is provided an in vitro method for the 
formation of prostate-like acini comprising: 

i) providing a cell culture vessel comprising: 
a) prostate stem cells according to the invention; 

15 b) a cell culture support matrix to which the cells in (a) can attach and 

proliferate; 

c) cell culture mediimi supplemented with serum, a stromal fraction and 

a ratio of the hormones oestrogen and dihydrotestosterone, or functional derivatives 
thereof; and 

20 ii) providing conditions which promote the growth and differentiation of 

said prostate derived cells in said vessel. 



In a preferred method of the invention the serum is provided at between about 0.5%- 
4% (v/v). Preferably said serum is provided at about between l%-3% (v/v). Most 
25 preferably said serum is provided at about 2% (v/v). 

In a further preferred method of the invention oestrogen is provided at about lOng/ml 
and dihydrotestosterone at about lO'^M. 



30 
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According to a further aspect of the invention there is provided an in vitro method for 
the formation of vascularised prostate acini comprising the steps of: 

i) providing a cell culture vessel which includes: prostate-like 
acini formed from prostate stem cells according to the 

5 invention that have been formed in a cell culture medium 

supplemented with serum, a stromal fraction, and a ratio of 
oestrogen and dihydrotestosterone, or functional derivatives 
thereof, a cell culture support matrix; and a cell culture 
mediimi which supports the growth of said prostate acini; and 
10 ii) addition of endothelial cells, preferably activated endothelial 

cells, to said cell culture vessel wherein said endothelial cells 
proliferate and/or migrate to form blood vessel tubules in or 
around said prostate acini. 

15 According to an aspect of the invention, there is provided an in vitro method for the 
fomiation of vascularised prostate-like acini comprising: 
i) providing a cell culture vessel which includes: 

a) prostate stem cells and activated endothelial cells; 

b) a cell culture support matrix to which the cells in (a) can attach and 
20 proliferate; 

c) cell culture medium supplemented with serum, a stromal fraction and 
a ratio of the hormones oestrogen and dihydrotestpsterone, or functional 
derivatives thereof; and 

ii) providing conditions which promote the growth and differentiation of 
25 said prostate stem cells in said vessel to form prostate acini and the vascularisation of 

said acini by the formation of blood vessel tubules from said activated endothelial 
cells. 

In a preferred method of the invention said prostate epithelial cells and endothelial 
30 cells are of human origin. 
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"Vessel" is defined as any means suitable to contain the above described cell culture. 
Typically, examples of such a vessel is a petri dish; cell culture bottle or flask; 
multiwell culture dishes. 

5 According to a further aspect of the invention there is provided a prostate-like acinus 
obtainable by the method according to the invention. 

In a preferred embodiment of the invention said prostate-like acinus comprises 
genetically engineered prostate cells. 

10 

Genetic engineering may be undertaken to introduce a gene or genes into a stem cell 
from which an acinus can then be formed. For example, and not by way of 
limitation, pro-drug activating genes may be transfected into prostatic cells to 
monitor the efficacy of pro-drugs as cytotoxic agents. A pro-drug activating gene 
15 refers to a gene the expression of which results in the production of protein capable 
of converting a non-therapeutic compound into a therapeutic compound, which 
renders the cell susceptible to killing by extemal factors or causes a toxic condition in 
the cell. 

An example of a prodrug activating gene is the cytosine deaminase gene. Cytosine 
20 deaminase converts 5-fluorocytosine to 5-fluoroxxracil, a potent antitumor agent. The 
lysis of the tumor cell provides a localized burst of cytosine deaminase capable of 
converting 5FC to 5FU at the localized point of the txmiour resulting in the killing of 
many surrounding tumour cells. This results in the killing of a large number of 
tumour cells without the necessity of infecting these cells with a vector (the so-called 
25 "bystander effect"). Another example of a prodmg-activating gene is thymidine 
kinase (TK) (see US5, 631,236 and US 5,601,818) in which the cells expressing the 
TK gene product are susceptible to selective killing by the administration of 
gancyclovir. This is merely meant to be illustrative of recombinant methods which 
could be used in combination with the cells according to the invention. Other 
30 examples may include the transfection of tumour suppressor genes, (e.g. p53). The 
term tumour suppressor gene refers to a nucleotide sequence, the expression of which 
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in a target cell is capable of suppressing the cancerous phenotype and/or inducing 
apoptosis. 

According to a further aspect of the invention there is provided a method to identify 
5 agents capable of inhibiting the proliferation of cancerous prostatic cells comprising: 

i) providing culture conditions and at least one cancerous acinus according to 
the invention; 

ii) adding at least one agent to be tested; and 

iii) monitoring the anti-proliferative activity of the agent with respect to the cells 
10 comprising the cancerous acinus. 

According to a yet further aspect of the invention there is provided a method to 
identify agents capable of inhibiting the motility of cancerous prostatic cells 
comprising: 

15 i) providing culture conditions and at least one cancerous acinus according to 
the invention; 

ii) adding at least one agent to be tested; and 

iii) monitoring the motility of cells comprising the cancerous acinus. 

20 According to a further aspect of the invention there is provided a method to identify 
markers of prostate cell differentiation comprising the steps: 

i) providing a preparation comprising prostate stem cells according to 
the invention; and 

ii) determining the expression of at least one gene the expression of which is 
25 associated with the differentiation of prostate cells. 

According to a further aspect of the invention there is provided a method to identify 
markers of prostate cell transformation comprising the steps of: 
i) providing a preparation comprising prostate stem cells according to the 
30 invention; and 
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ii) determining the expression of at least one gene the expression of which is 
associated with the transformation of prostate cells. 

Methods used in the identification of cell differentiation markers and/or markers of 
5 prostate cell transformation include immunogenic based techniques (eg using the 
cells as complex immunogens to develop antisera to cell surface markers as described 
above and the like) nucleic acid based techniques (e.g. differential screening using 
cDNA from normal and transformed acini). Also, it has been known for many years 
that tumour cells produce a number of tumour cell specific antigens, some of which 

10 are presented at the tumour cell surface. These are generally referred to as tumour 
rejection antigens and are derived from larger polypeptides referred to as tumour 
rejection antigen precursors. Tumour rejection antigens are presented via HLA's to 
the immune system. The immune system recognises these molecules as foreign and 
naturally selects and destroys cells expressing these antigens. If a transformed cell 

15 escapes detection and becomes established a txmiour develops. Vaccines have been 
developed based on dominant tumour rejection antigens to provide individuals with a 
preformed defence to the establishment of a tumour. The method according to the 
invention provides a means to identify tumour rejection antigens and precursors 
which will have utility with respect to vaccine development to provoke the patients 

20 own immune system to deter the establishment of prostate tumours. 

In a preferred method of the invention said gene is an oncogene. 

Preferably said oncogene is encoded by a nucleic acid molecule comprising a nucleic 
25 acid sequence as represented in Figure 3, or a nucleic acid molecule that hybridises to 
said nucleic acid under stringent hybridisation conditions and which encodes a 
polypeptide with transcription factor repressor activity. 

Hybridization of a nucleic acid molecule occurs when two complementary nucleic 
30 acid molecules undergo an amount of hydrogen bonding to each other. The 
stringency of hybridization can vary according to the environmental conditions 



16 



wo 2005/089043 



PCT/GB2005/001142 



slUTounding the nucleic acids, the nature of the hybridization method, and the 
composition and length of the nucleic acid molecules used. Calculations regeirding 
hybridization conditions required for attaining particular degrees of stringency are 
discussed in Sambrook et al., Molecular Cloning: A Laboratory Manual (Cold 
5 Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 2001); and Tijssen, 
Laboratory Techniques in Biochemistry and Molecular Biology — ^Hybridization with 
Nucleic Acid Probes Part I, Chapter 2 (Elsevier, New York, 1993). The Tn, is the 
temperature at which 50% of a given strand of a nucleic acid molecule is hybridized 
to its complementary strand. The following is an exemplary set of hybridization 
10 conditions and is not limiting: 

Very High Stringency (allows sequences that share at least 90% identity to hybridize) 
Hybridization: 5x SSC at 65°C for 16 hours 

Wash twice: 2x SSC at room temperature (RT) for 15 minutes each 

1 5 Wash twice: 0.5x SSC at 65^C for 20 minutes each 

High Stringency (allows sequences that share at least 80% identity to hybridize) 
Hybridization: 5x-6x SSC at 65°C-70^C for 16-20 hours 

Wash twice: 2x SSC at RT for 5-20 minutes each 

20 Wash twice: Ix SSC at 55°C-70°C for 30 minutes each 

Low Stringency fallows sequences that share at least 50% identity to hybridize) 
Hybridization: 6x SSC at RT to 55^C for 16-20 hours 

Wash at least twice: 2x-3x SSC at RT to 55^C for 20-30 minutes each. 

25 

In a preferred method of the invention said nucleic acid encodes a polypeptide as 
represented by the amino acid sequence shown in Figure 4, or a variant amino acid 
sequence that has been modified by addition, deletion or substitution of at least one 
30 amino acid residue and has transcription factor repressor activity. 
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A variant polypeptide may differ in amino acid sequence by one or more 
substitutions, additions, deletions, truncations which may be present in any 
combination. Among preferred variants are those that vary from a reference 
polypeptide by conservative amino acid substitutions. Such substitutions are those 
5 that substitute a given amino acid by another amino acid of like characteristics. The 
following non-limiting list of amino acids are considered conservative replacements 
(similar): a) alanine, serine, and threonine; b) glutamic acid and asparatic acid; c) 
asparagine and glutamine d) arginine and lysine; e) isoleucine, leucine, methionine 
and valine and f) phenylalanine, tyrosine and tryptophan. 

10 

In addition, the invention features polypeptide sequences having at least 75% identity 
with the polypeptide sequence as hereindisclosed, or fragments and fimctionally 
equivalent polypeptides thereof. In one embodiment, the polypeptides have at least 
85% identity, more preferably at least 90% identity, even more preferably at least 
15 95% identity, still more preferably at least 97% identity, and most preferably at least 
99% identity with the amino acid sequence illustrated herein. 

According to a further aspect of the invention there is provided a composition 
comprising a polypeptide as represented by the amino acid sequence shown in Figure 
20 4, or a variant amino acid sequence that has been modified by addition, deletion or 
substitution of at least one amino acid residue for the manufacture of a vaccine 
composition for use in the immunisation of a subject against prostate cancer. 

According to a further aspect of the invention there is provided a composition 
25 comprising a nucleic acid molecule comprising a nucleic acid sequence as shown in 
Figure 3, or a nucleic acid molecule that hybridises to said nucleic acid under 
stringent hybridisation conditions, for the manufacture of a vaccine composition for 
use in the immunisation of a subject against prostate cancer. 

30 According to a further aspect of the invention there is provided an antibody 
specifically reactive with a polypeptide as represented by the amino acid sequence 
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shown in Figure 4, for the manufacture of a medicament for use in the treatment of 
prostate cancer. 

In a preferred embodiment of the invention said antibody is a monoclonal antibody, 
5 or an active binding fragment thereof Preferably said antibody is a humanised or 
chimeric antibody as herein described. 

In a preferred embodiment of the invention said antibody fragment is a single chain 
antibody variable region fragment or a domain antibody. 

10 

According to a further aspect of the invention there is provided a method of screening 
a subject for prostate cancer, or a predisposition to prostate cancer, comprising the 
steps of: 

i) providing an isolated sample comprising prostate cells; and 
15 ii) detecting the expression of a nucleic acid molecule comprising a 

nucleic acid sequence as shown in Figure 3, or a nucleic acid molecule 
that hybridises to said nucleic acid imder stringent hybridisation 
conditions. 

20 In a preferred method of the invention said method detects expression of mRNA. 
Preferably said method is a polymerase chain reaction method. 

In an alternative method of the invention said method detects a polypeptide encoded 
by said nucleic acid molecule. Preferably said polypeptide is detected by an antibody 
25 according to the invention. 

According to a further aspect of the invention there is provided non-human animal 
model for the analysis of the formation of prostate acini comprising the steps of: 

i) providing a preparation of prostate stem cells; 
30 ii) transplanting said cells into a non human animal subject; and 

iii) monitoring the differentiation and growth of the transplanted cells. 
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In a preferred method of the invention said non-human animal is selected jfrom the 
group consisting of: mouse, rat, guinea pig, dog, non-human primate. 

5 In a preferred method of the invention said animal is a mouse, preferably an immime 
compromised mouse. Preferably said mouse is a SCID mouse or an athymic nude 
mouse. 

In a preferred method of the invention said cells are transplanted subcutaneously. 

10 

In an alternative preferred method of the invention said cells are transplanted 
orthotopically in or around prostate tissue. 

An embodiment of the invention will now be described by example only and with 
15 reference to the following Figures: 

Figure 1: Verification of CD 133 as a stem cell marker of prostatic epithelia: lA: A 
paraffin section of prostatic acini labelled with the nuclear stain DAPI (Blue) and 
anti-CD133 directly conjugated to PE (Red). IB: Basal cells with the phenotype 

20 a2Pi^' /CDISS"^ have a higher colony forming efficiency (CFE) than oi2^\''^ /CD133'. 
(CFE) was calculated as the number of colonies formed per nimiber of selected cells 
xlOO%. CFEs are expressed as the ratio of the control CFE. Results show means ± 
s.e.m of four experiments. IC. Xenografts of prostate acini formed by transplantation 
of a2pi^* /CD133^ basal cells stained with (A) Haematoxylin and Eosin, (B) 34/SE12, 

25 (C) anti-K18, (D) anti-PAP (E) Anti-androgen receptor. Bar 40 |am; 

Figure 2: Characterisation of tumour *stem' cells fi-om a lymph node metastasis of 
the prostate (LNMP). 2 A. Tumour cells selected on the basis of a2Pi/CD133 
differentiate in culture. 2B- Invasion assay activity of LNMP in comparison to PC3M 
30 and an immortalised prostate epithelial cell line, PNT 1 a; 
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Figure 3 is the nucleic acid sequence of the proto-oncogene BMI; and 

Figure 4 is the amino acid sequence of the proto-oncogene BMI. 

5 Materials and Methods 

Genotype of isolated tumour stem cells 

Using a combination of microsatellite markers associated with sporadic prostate 
10 cancer (8p lOq 16p, Fig 3) we can determine whether the isolated 
HEA'^/CD44Va2Pi^' /CD133'^ cells display loss of heterozygosity pattems 
characteristic of prostate tumours in comparison to blood lymphocyte DNA from the 
same patient. The analysis is carried out on a microsampling of cultures with 3MM 
paper and fluorescently labelled PGR primers (Macintosh et al., 1998). This will 
15 enable us to discriminate between normal and cancer cells and determine whether 
stem cells are indeed targets for transforming events. 

Proliferative, differentiative and malignant potential of putative cancer stem 
cells 

20 

Distinct populations of tumour cells are isolated and their proliferative, 
differentiative and malignant potential determined in vitro and in vivo. The following 
populations (HEAVCD44' (luminal cells), HEA"'/CD44'' (basal cells), 
HEAVCD44Va2p/°^/CD133- (transit cells), HEAVCD44Va2Pi^VCD133'^ (stem 
25 cells) are isolated and compared with the unsorted tumour population. 

Colony forming efficiencv (CFE): anchorage independent and anchorage- 
dependent growth 

30 The transforming potential of distinct populations (as above) of cancer cells 
(anchorage independence) is measured by their ability to form colonies in soft agar. 
Individual colonies are counted after 21 days using an inverted microscope. 
Comparisons are made of CFE and colony size. 
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Morphogenesis in gels of reconstituted basement membrane matrix 

We have determined the potential of tumour stem cells and their progenitors to 
5 undergo glandular morphogenesis in reconstituted basement membrane (e.g. 
Matrigel). We have demonstrated that normal basal cells can undergo glandular 
morphogenesis when grown in a collagen based matrix, (e.g. Matrigel) with stroma, 
in the presence of androgens. Spheroids are generated which are architecturally and 
phenotypically similar to in vivo acini and are often branched alveolar-and duct like 
10 (Lang et al., 2001). In contrast, cancer cells often form large aggregates of spindle- 
shaped cells with no obvious organisation. Nonetheless, the stmctures will often 
contain cells that show some degree of differentiation and can be compared to the 
original tumour. 

15 Invasion assays 

The ability of these stem cells to migrate across Matrigel is determined by the 
modified Boyden-chamber method (Albini et aL, 1987). Migration rates will be 
evaluated using time-lapse confocal microscopy, using cells labelled with EGFP, We 
20 have generated prostate epithelium expressing low levels of EGFP. Recombinant 
retrovirus based on pLNCX-EGFP(2) generated will be used to infect the cell 
populations and G418 resistant colonies will be used in motility assays. The low 
levels of GFP expression will be used to track invasion and motility in real time. 

25 In vivo tumourigenesis 

Tumour stem cells must possess key criteria that define normal stem cells: after 
transplantation they must proliferate, differentiate and self-renew. To determine the 
ability of distinct tumour phenotypes, to colonise in vivo, grafts of stem cells, transit 
30 cells, basal cells, luminal cells and unsorted cells are introduced into the prostates of 
6 to 8 week old male, immimocomprimised mice. The mice are treated hormonally 
at the time of grafting by subcutaneous implantation of sustained release testosterone 
pellets. The number of cells from each population that successfiilly engraft and 
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initiate tumour proliferation is determined by varying the number of cells implanted. 
The self-renewal capacity of the distinct populations is determined by transplanting 
serially into secondary recipients. 

5 Comparison of gene expression profiles between cancer and normal stem cells 

Expression profiles are obtained firom stem cells isolated fi'om cancer containing and 
non-cancer tissue samples. An Affymetrix GeneChip microarray platform is used to 
assay the absolute gene expression levels for each sample. To accomplish this, total 

10 RNA is extracted from purified a2pi^ cells. As the cell yield is low it is necessary to 
use a linear amplification step to provide sufficient target for hybridisation to the 
arrays. The Affymetrix small sample labelling protocol has been demonstrated to 
work well with lOOng (-10"* cells) but can be used for as little as 1-1 Ong total RNA. 
To date we have used this technology (Hu-U133A GeneChips) to profile amplified 

15 total RNA extracted fi-om selected cell populations (including a2Pi^^) derived from 
our recently isolated prostate cancer lymph node metastasis cell line. 

Each sample is derived from a separate individual tiierefore a substantial degree of 
variation in gene expression (both between cancer and non-cancer samples and 
20 between samples within the same class) will be due to the underling genetic 
heterogeneity between the individuals. As a result it is necessary to include a number 
of 'biological' replicates within each class of sample and we typically use 6-10 
samples for each (i.e. up to 20 samples in total). 

25 Batch comparison analysis is used to compare each cancer sample experiment to each 
of the non-cancer samples and subject the comparisons to three different statistical 
algorithms, based on the Mann- Whitney test, non-parametric Wilcoxon rank test and 
self-organising map cluster analysis, to detect differential expression. Furthermore, 
we apply cluster analysis to look for groups of genes which behave differently from 

30 the norm. 
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